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CHAPTER 1
INTRODUCTION
This chapter summarizes the importance of cull cows marketing to the overall
protability of cow-calf enterprise. It also highlights the general motivation for this
research and nally focuses on objectives for this study.
1.1 The importance of cull cows to the cow-calf enterprise
The sale of cull cows provides a signicant source of income to most U.S cow-calf
producers. Although cull cows represent 15 percent to 30 percent of annual revenue on
a cow-calf operation, cow-calf producers relatively give little attention to this source
of revenue and ways to improve it (Feuz 2001, Little et al 1990). Furthermore, Carter
and Johnson (2007) argues that dollars are generally left on the table when it comes
to marketing cull cows. This is due to the fact that most producers assume that
prot can be made on a cow by just selling her calves, but rarely does this happen
(Hughes 1995). Therefore, most cow-calf producers traditionally devote their time,
eort and money to managing reproductive cows, while cull cows, once identied, are
sold immediately in the fall when prices are at or near the seasonal low. However,
cow-calf producers may enhance net returns potential by holding their cull cows
beyond culling date using alternative management production systems and marketing
strategies.
Fuston et al (2003) reported that there are opportunities for producers to add
value to cull cows marketing by increasing the weight, improving body conditions and
increasing carcass quality and yield. Producers may give little thought to the potential
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for maximizing the salvage value of these cows, though revenue may be signicantly
improved by timing cull cow sales to take advantage of seasonally higher prices, and
by feeding thin cull cows to improve slaughter grade and weight gain (Feuz 2002).
Hughes (1995) also argues that producers can maximize the protability of a breeding
cow by recognizing the salvage value of the cow and viewing cull cows as potential
prot center. Feuz (2002) stated that cows are culled from the herd for a variety of
reasons including reproductive failure, old age, replacement breeding stock, physical
defects and inferior calves. Most cull cows are marketing in the fall, after spring calves
are weaned and cows are pregnancy tested and found open. Determining when to cull
cows from the herd, understanding factors aecting cull cow value, and the exibility
in the time of the year to market cull cows can have a considerable impact on the
protability of cow-calf enterprises (Feuz 2002). This research primarily focuses on
feeding and marketing strategies aimed at enhancing the salvage value of cull cows
typically culled from the herd in the fall after weaning calves.
1.2 Motivation for the Study
Cull cows can be viewed as a capital asset at the end of its useful life, but one
that potentially has value to another enterprise. Peel and Doye (2004) stated that
many cow-calf producers choose to dispose of their cull cows as quickly and easily
as possible with relatively little attention given to improve the salvage value of these
animals. Feeding cull cows is a viable way to increase protability of an animal that
otherwise has only salvage value. The fact that cull cows have the largest seasonal
price swings of all cattle classes widens the marketing window and the opportunity to
add value (Peel and Meyer 2002). Peel and Doye (2008) reported that improvement
in cull cow management and marketing may increase the value of cull cows by 25
to 45%. Research consistently indicates that the salvage value of cull cows can be
enhanced by improving marketing and production practices. For instance, Doye et al
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(2004) suggest that it may be benecial to consider conned feeding of cull cows for
30 to 60 days before marketing if grain is relatively cheap, since feeding cull cows on
concentrate feed may signicantly enhance their value by means of increased dressing
percentage or an increase in quality grade. The decision to sell cull cows at the time
of culling versus feeding those cattle for alternative time periods before marketing
depends on the seasonality of cow prices, price dierences between cull cow slaughter
grades and percentage of cull cows in each grade, and the costs of feeding cull cows.
Feuz (2002) reported that cull cow prices generally follow a consistent seasonal
pattern. Prices are usually lower in November, December and January while prices
are higher in February, March, April and May with summer months prices typically
near the average for the gure 1.1. While most cows are culled in the fall due to
a spring calving season, there may be potential for prots returned to the producer
from feeding the culled cow until the higher prices prevails with seasonal price up-
swings(Feuz 2006). This seasonal price pattern may oer a nancial incentive to
provide an alternative period to market cull beef cows compared to the normal time
the culled cattle go to market.
Cull cow prices generally vary based on grade, that is, the more desirable the
grade, the greater the price received. Cull cow prices generally increase as marketing
classication improves with greater premiums for boner grade cattle relative to break-
ers. Producers can therefore relate cull cow values to the condition of cull cows and
evaluate the potential to improve cows by improving body condition (Peel and Doye
2008). Research has shown that feeding cull cows on a high-energy diet for about 60
days can not only signicantly increase weight, but may also improve grade and thus
price received (Matulis et al 1987, Berger and George 1993).
Body condition scoring is a valuable management tool used to assess and under-
stand the immediate, past and current nutritional needs of beef cattle body condition
score (BCS)(Matulis et al 1987). It is also an indication of the energy reserves of a
3
beef animal and plays an important role in beef production and growth performance.
Additionally, an important component of any feeding system is to properly monitor
BCS. The most commonly used BCS system for beef cows is a scale ranging from 1
to 9, with 1 being severely emaciated and 9 being extremely obese. The body con-
dition of cows at weaning can be useful in determining which cows or heifers need
the most attention before calving (Steward 2000). Moreover, research has shown that
the easiest and most economical time to improve condition to cows is from weaning
to calving, suggesting that open post-weaning has even greater potential to improve
condition. Net returns may be signicantly increased by feeding thin cull cows to
improve slaughter grade and by timing cull cow sales to take advantage of seasonally
higher prices.
Previous studies discuss BCS primarily from the perspective of improving it to
obtain higher prices. Little et al (1990), in a simulation study of delayed marketing
for cull cows, pointed out that cull cows that are open, unsound, injured and simply
Figure 1.1: 2006- 2011 Seasonal Slaughter cow prices
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unhealthy should be sold upon culling, while cull cows that are healthy, sound, and
in thin to moderate body condition scores (eg. BCS of 3 to 5) should be retained and
fed for alternative periods of time. This suggests that BCS at culling may be a useful
decision tool for determining whether to retain cull cows or to market at culling. Cows
with lower BCS may be more likely to gain weight substantially over feeding period.
Research has indicated that BCS, reproduction, and the protability of beef cows are
positively correlated. Geske (1992) concluded that it is generally desirable to keep
the cow at a BCS of 5 to 6 while cows with a BCS of 7 or higher require more feed and
without yielding increased production. Thus, alternative timing of cull cow marketing
may not only increase net returns that cull cows bring to the cow-calf operation, but
it may also increase the number of re-breeding cull cows if a bull is available for use.
Nutrition plays a signicant role in cow herd reproductive performance. Engelken
(1994) suggested a shortterm retention program for open cows oers an opportunity
to select thin cows and to use underutilized feed for about 90-150 days to produce
value added product. The value added may be further improved if these cows can
be bull exposed and marketed as bred cows.
1.3 Objectives
The overall objective of this research is to determine whether alternative man-
agement and marketing strategies improve the salvage value of cull cows. Specic
objectives of this research include:
1. To determine the viability of two alternative retention and marketing strategies
for cull beef cows.
2. To determine the inuence of beginning body condition scores on net returns
from feeding cull cows in two alternative retention systems.
3. To determine the protability of marketing cull cows as bred cows relative to
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marketing cull cows as slaughter cows.
1.4 Cow Management Systems
A three year experiment conducted at the Samuel Robert Noble Foundation was
used to evaluate net returns from retaining spring-calving cull cows in two production
systems across ve marketing periods. In October each year from 2007 to 2009, cows
were culled from a herd of black-hided Angus cows and split in two groups. The
herd was comprised of cows four years of age in the initial study. One group of
cows was retained in a low-cost dry lot system and fed with rye hay and protein
cubes. From mid-October to December, dry lot cows were fed 10% crude protein and
then switched to 25% protein for the remainder of the feeding period. In the pasture
systems, cows grazed on stockpiled native grass pasture (350 acres) supplemented with
hay and cubes only during icy periods. Both groups received mineral supplement.
This experiment included in total 162 cows, equally assigned to pasture and dry lot.
Specically, the experiment included 48 cows in year 1, 43 cows in year 2, and 71
cows in year 3. Table 1 shows that the average beginning body condition score (BCS)
for cows was 5.5 with scores ranging from 4 to 8.
Data were collected approximately monthly intervals from November through
March each year on individual cow weight, estimated USDA grade and dressing per-
centage. The cost components include feed, pasture, labor, and operating interest.
Table 1.2 describes daily feed intake per cow across management systems and years.
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Table 1.1: Cull cow BCS distribution and treatment group summary statistics across
year and management system
Variables Characteristics Average Year one Year two Year three
Mean BegBCS 5.5 5.4 5.9 5.32
Standard Deviation 0.86 0.72 0.99 0.77
Minimum 4 4 4 4
Maximum 8 6.5 8 7.5
Distribution of Cows
N 162 48 43 71
Management System
Pasture 81 24 21 36
Drylot 81 24 22 35
Cube and mineral prices were charged at the rate oered by the local fee d milling
company during the feeding period. Rye hay cost is based on tons fed and priced at
the purchase price, consistent with prices reported in the Oklahoma Market Report,
Oklahoma Department of Agriculture, Food and Forestry for grass hay, east region.
Pasture costs are assessed a per acre cash rental rate based on local rates and are
within the range reported by Doye and Sahs (2011) for native pasture in the East
region of Oklahoma during the study period. Feed cost for each feeding period are
converted to a per cow average for individual cows based on management system
and number of animals in the pen. Labor is assigned in hours per feeding period for
each system at a daily average of 0.17 hours/day in the native grass pasture system
and 0.34 hours/day in the dry lot systems and assigned a wage rate consistent with
that oered locally for hourly ranch hands during the study period as reported by
the Oklahoma Employment Security Commission's Oklahoma Wage Report for years
7
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in the study period. Operating interest is charged at the annual rate 7.5% on the
estimated value of the cow at the initial culling.
This dissertation, consisting of three essays, is organized around ve chapters.
This chapter introduces the topic and relevant question. The second chapter ana-
lyzes alternative retention systems and marketing strategies for cull cows. The third
chapter investigates the inuence of beginning body condition scores on net returns
from feeding cull cows. The fourth chapter discusses protability of marketing cull
cows as bred cows, and nally the fth chapter reports the overall conclusions.
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CHAPTER 2
ALTERNATIVE RETENTION AND MARKETING STRATEGIES
FOR CULL COWS
2.1 Introduction
Culling and marketing cull cows in the cow-calf operation can be viewed from
both long and short run perspectives. Economists have primarily focused on the long
run issues of when and how cows to cull annually from the herd to optimize prof-
itability overtime, especially over a typical cattle cycle (Bentley, Waters and Shumway
1981; Trapp 1986; Frasier and Pfeier 1994; Tronstad and Gum 1994). However, lim-
ited research has focused on the short run question of when during the year should
cull cows be marketed for highest net returns (Yager, Greer, and Burt 1980).
Revenue from cull cows provides a signicant source of income to U.S. cow-calf
producers. Experience has shown that most producers spend time on feeding and
marketing steers, heifers, and reproductive cows. Although cull cows represent 15-
30% of a cow-calf herd's annual revenue, producers tend to give cull cow marketing less
attention than they give to feeding and marketing steers, heifers, and reproductive
cows. This study focuses on the marketing decision and associated management
aspects after the decision to cull has been made. The majority of cow-calf producers
traditionally cull cows from the herd after weaning in the fall and sell those cows
immediately, coinciding with the lowest prices of the year. However, alternative
timing of cull cow marketing may represent an opportunity for producers and ranch
managers to increase net revenue from cull cows for the cow-calf operation.
This article reports on a three-year study conducted at the The Samuel Roberts
10
Noble Foundation, Inc. in Ardmore, Oklahoma where spring-calving cows culled
from the Foundation's herd were placed into two management programs. One pro-
gram was essentially a forage-based pasture program while the other was a dry-lot
hay and supplement program. Market value of cows was assessed at the time of
culling in October and again at ve subsequent weigh periods, roughly at one-month
intervals from November through March. Results suggest that cow-calf producers and
cowherd managers can enhance net returns from cull cows by holding them beyond
the low-price period on a low-cost feeding program for about a 90-day period to take
advantage of the typical seasonal price increase. The general objective of this paper
is to determine how value can be added to cull cows beyond culling.
2.2 Previous Research
Cows are culled for one or more of several reasons, including diculty re-
breeding, old age, genetic improvement from replacement breeding stock, poor health
or physical defects, and producing inferior calves. Cow health is a key decision vari-
able when considering retaining cows beyond culling from the production herd. Cows
must be healthy enough to continue eating suciently to gain weight and to live
through the retention period until harvest.
Yager, Greer, and Burt (1980) describe cow culling and marketing as a stochastic
dynamic decision process. They argue that after determining whether cow health
is adequate to merit retention beyond culling, the two critical variables that inform
the manager's decision are expected cow weight and expected price, which together
determine cow value. Using a dynamic programming model, they found that hold-
ing and feeding spring-calving cows beyond the traditional fall marketing months of
November-December could increase expected returns $20-40/head. At the time of
the study, that was a 15-20% increase in the cow's value. Even larger returns could
be expected, up to $55/head, if cow carcass grade was improved during the feeding
11
period.
Slaughter cow prices exhibit a strong and relatively consistent seasonal pattern
(Peel and Meyer 2002). Consistent seasonality occurs in large part due to cow-calf
producers' routines of culling and selling spring-calving cows in the fall after weaning
calves and pregnancy checking cows, but before winter feeding. Thus, large numbers
of cull cows are marketed at about the same time each year (October-November),
pushing prices to seasonal lows. Prices then increase through winter and spring
months when fewer cows are marketed. This pattern is illustrated in gure 1, which
reports a 5-year weekly average for slaughter cow prices in the Southern Plains from
2006-2010, as well as actual weekly prices for 2011 and 2012. The past two production
years have seen rapid increases in cow price levels; however, the general pattern of
seasonality remains.
Post-culling weight gain by cows depends on several factors, including health, con-
dition, and age of cows at culling. Cows in thin to moderate body condition with
body condition scores (BCS) of 3-5 (e.g., 1=extremely thin, 5= moderate, 9=ex-
tremely fat) are more likely to gain weight than cows in more eshy condition (BCS's
of 6-8). Sawyer, Mathis, and Davis (2004) found that found that gains also declined
as cow age increased.
A second determinant of post-culling weight gain is feeding regimen. The nutri-
tional level of the feeding program matters for two reasons. First, a higher nutritional
plane is required for growth (weight gain) beyond the maintenance level of the cow.
Second, a higher nutritional plane, typically associated with a higher energy ration,
provides a greater opportunity to alter fat color in carcass, improve marbling, and
increase carcass grade. Higher energy rations have been shown to improve gains and
carcass quality attributes (Matulis et al 1987; Schnell et al 2004). However, higher
energy rations mean higher costs (Feuz 2002).
As Yager, Greer, and Burt(1980) noted, it is the combined eect of weight gain
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and seasonal price increase that provides the opportunity for increased returns from
retaining and later marketing of cull cows. An additional opportunity for higher
returns exists if the carcass grade of cows harvested can be increased. The limiting
factors are physical growth limits of cows and feed and the related costs associated
with retaining and feeding those cows.
2.3 Procedure, Data and Models Estimated
Net return for each marketing period is computed as the dierence between the
marketing period's revenue, revenue if sold at culling and cumulative retention and
feeding cost from the culling period to the marketing period. This net return equation
can be expressed as follows:
it = PitWit   PioWio   Costit (2.1)
where Pit is the net return of cow i at marketing period t, Wit is the weight of cow i at
feeding period t,Wio is the weight of cow i at culling, Pit is the price per hundredweight
at marketing, Pio is the price per hundredweight at the culling period, Costit is the
cumulative retention and feeding cost of cow i at feeding period t. Net return in (2.1)
is then estimated as a function of feeding system(Pasture or dry-lot) and marketing
period(at culling or an alternative period). This equation can be expressed as follows:
it = +
2X
k=1
ksystemk +
5X
t=1
tPeriodt +
2X
k=1
5X
t=1
()kt + t + "it (2.2)
where it is net return of cow i at period t, system k is k=1 for dry lot and k=2 for
pasture, period represents the marketing period, t is the year random eect, and it
is the randomly distributed error.
Data used in the study comes from a three-year experiment conducted at the
Samuel Roberts Noble Foundation. The source herd is a herd of black-hided Angus
cows with an average age of six years old in fall 2007. In October of each year (2007,
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2008 and 2009), cows were culled and split into two groups. In the dry-lot system,
cows were fed rye hay and protein cubes. From mid-October to December, dry-lot
cows were fed 10% crude protein and then switched to 25% protein cubes for the
remainder of the retention period. Cows retained in the pasture system grazed on
stockpiled native grass pasture supplemented with hay and cubes only during icy
periods. Both groups received mineral supplement. The experiment included a total
of 162 cows, equally assigned to pasture and dry lot. By year, the study included 48
cows in year 1, 43 cows in year 2, and 71 cows in year 3.
Data were collected at approximately monthly intervals from November through
March each year on individual cow weight, estimated USDA grade and dressing per-
centage, and costs, including feed, pasture, labor, and operating interest. USDA
grade and dressing percentages were assigned by USDA Agricultural Marketing Ser-
vice graders at each weigh period. USDA grade and dressing percentage are used in
conjunction with the nearest in time weekly Agricultural Marketing Service (AMS)
price report to identify a specic price per hundredweight for each cow at each of
the ve feeding intervals in a culling year. Specically, prices are taken from AMS
price reports KO-LS155 and KO-LS795 for Oklahoma National Stockyards, Okla-
homa City. Feed cost data are assigned as a per cow average by marketing interval
and by management system. Feed data includes protein range cubes (pounds fed),
mineral supplement (pounds fed), and hay (tons fed). Cube and mineral prices are
charged at the local market rate during the time period as oered by the local feed
milling company. Rye hay cost is based on tons fed and is priced at the purchase
price. The most comparable publicly quoted price range is for Grass Hay, East as
reported by the Oklahoma Market Report, Oklahoma Department of Agriculture,
Food and Forestry. Pasture costs are charged a per acre cash rental rate based on
local rates, which are within the range of rates reported by Doye and Sahs (2011)
for native pasture in the East region of Oklahoma. For each period, feed costs are
14
calculated on an as fed pen basis by management system and then converted to a per
cow average for individual cows. Labor hours are tracked by period for each system
and charged at the local hourly rate oered for ranch hands during the study period.
This rate is within the wage range for Farming, Fishing, and Forestry as reported by
the Oklahoma Employment Security Commission's Oklahoma Wage Report for years
in the study period. Operating interest is charged at the annual rate of 7.5% on the
estimated value of the cow at the initial culling.
The value of each cow at each potential marketing period is calculated and com-
bined with physical performance data and costs for each cow in each production
system to calculate net returns. A mixed model measuring both xed and random ef-
fects as illustrated in equation 2.2 was estimated in SAS using a restricted maximum
likelihood (REML) estimation technique and assuming an unstructured covariance
matrix.
An alternative measure of net returns can be calculated using a price response
function to estimate a monthly price based on a longer history of slaughter cow
prices. Both dummy variable and trigonometric models were used to estimate the
price response function. The dummy variable model can be expressed as:
Pmgt = 0 +
11X
i=1
mMm +
2X
g=1
gQg + t + "mgt (2.3)
Similarly, the trigonometric model can be expressed as follows:
Pmgt = 0+1M+
3X
n=1
12X
T=4
[an cos

2M
T

+bn sin

2M
T

]+
2X
g=1
gQg+t+"mgt (2.4)
where Pmgt is price in month m for a given quality grade g, T is the frequency, and
Qg is the quality grade of the cull cow. M is intended to capture the seasonal price
pattern while Qg captures any premiums or discounts related to quality grade. Eight
years of monthly data from 2003 to 2010 as reported by AMS price reports KO-
LS155 and KO-LS795 for Oklahoma National Stockyards, Oklahoma City are used
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to estimate the price response function, which is then used to assign a price for each
cow at each feeding period.
2.4 Results
Two possibilities were considered for the functional form of the price response
function as shown in equations 2.3 and 2.4. The chi-square value for the likelihood
ratio test is computed as 24 =  5360U + 5386:7R = 26:7, where the trigonometric
model (10 parameters) is a restricted fashion of the dummy variable model (14 param-
eters). Comparing the test value 24 = 26:7 to the critical chi-square value (
2
c = 9:48)
concludes that the dummy variable model is more appropriate than the trigonometric
model. Coecient estimates capture the signicant seasonality typically present in
the slaughter cow market is shown in table 2.1. Relative to the October price, the
November coecient is negative and signicant. Price eects for February through
September are positive and signicant, yield grade coecients for Boner and breaker
are also positive and signicantly related to price, relative to a yield grade of lean.
The coecients in table 2.1 are used to estimate price per hundredweight for each
cow at each marketing period.
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Table 2.1: Estimated slaughter cow price as function of month and quality grade.
Parameters Independent variables Estimates Standard Errors p-values
0 Intercept 41.610 0.5508 < 0:0001
1 Jan 1.090 0.7832 0:1644
2 Feb 3.599 0.7472 < 0:0001
3 Mar 4.146 0.7348 < 0:0001
4 Apr 4.619 0.7396 < 0:0001
5 May 4.604 0.7196 < 0:0001
6 June 3.311 0.7396 < 0:0001
7 July 4.600 0.7472 < 0:0001
8 Aug 3.634 0.7196 < 0:0001
9 Sept 3.808 0.7325 < 0:0001
10 Nov -1.669 0.7136 0:0196
11 Dec -0.989 0.8326 0:2353
1 Breaker 6.308 0.3823 < 0:0001
2 Boner 6.740 0.3826 < 0:0001
2t Year Random eect 11.144
2" Variance of error term 23.681
-2LL Loglikelihood 5360
17
Table 2.2 summarizes descriptive statistics of cull cow physical performance at-
tributes and prices for the three year pooled data. The mean beginning weight at
culling is approximately 10 pounds higher for cows assigned to the dry-lot system
compared to those assigned to the pasture system. As expected, the mean for aver-
age daily gain is also higher for dry-lot cows compared to those in the pasture system.
In the pasture system, the mean average daily gain becomes negative beyond 91 days
while dry-lot cows maintain a positive mean average daily gain throughout the re-
tention period. Dierences in weight gain across systems are contrasted with average
cumulative feed cost in gure 2.2. While cows retained in the dry-lot setting have
higher gains, on average, than cows retained in the pasture setting, the cumulative
feed costs also increase as a much faster pace than for cull cows on pasture.
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Table 2.3 reports net return estimates per head across marketing periods for the
three year pooled data using actual prices as well as mean net returns by production
season and marketing period. Pooled net return estimates for the pasture system
are statistically signicant at the 90% condence level or better for each marketing
period. At 35 days, however, net returns per head are negative. Pasture system net
returns for marketing periods beyond 35 days are all positive. The highest net returns
for pasture systems occurred at 126 days beyond culling ($40.76) and followed by 91
days beyond culling ($31.19). This suggests the potential to increase protability
of cull cows by retaining them in a pasture system. In contrast, cows held in the
dry-lot exhibit negative net returns per head for all marketing periods, except 126
days beyond culling, which is negative but not statistically dierent from zero. This
implies that selling cull cows immediately after culling would be more protable than
retaining them in a low-cost dry-lot system. A year by year look at net returns
suggests large dierences across production seasons in the protability of retaining
cull cows beyond the culling period for both the pasture system and the dry-lot
system.
Average net returns by production season as estimated with actual prices are
also presented in table 2.3. Note that statistical signicance of the year by year net
returns is not calculated. For cull cows retained on pasture, year 1 (2007/08) was
the most protable year with positive net returns for each of the marketing periods
at 63 days and beyond. The rst production season in the study also generated the
least losses for cows held in the dry-lot system, with positive net returns indicated at
126 and 155 days. Net returns for both systems peaked at 126 days in 2007/08. The
second and third years of the study saw less favorable results. In 2008/09, the highest
net returns are again reported for the marketing period of 126 days. However, it is
the only marketing period with positive average net returns for the pasture system
($22.37/head) and the least negative average net returns for the dry-lot system (-
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$68.43/head), implying little potential to add value to cull cows with either system
in year 2. The third year of the study saw some improvement. Average net returns
in the pasture system were positive for the rst two marketing periods, but became
negative beyond 63 days. Dry lot average net returns during the third year were again
all negative.
Some insight into the dierences in results among production seasons can be
gained from gure 2.3 to gure 2.4, which illustrate the average price received across
marketing periods and across production seasons for cull cows retained in the pasture
system and the dry-lot system, respectively. Recall that cows are individually priced
based on USDA dressing percentage estimates, weight, and quality grade. Average
prices in each production season reached the seasonal low in November, approximately
35 days beyond culling. Years 1 and 2 begin with similar price levels for cull cows.
However, prices in year 1 generally rise more rapidly moving into winter than do
prices in year 2 and sustain that movement beyond 63 days. Price levels in year 3
begin at a substantially lower level and, beyond 63 days, rise at a slower pace than
in the previous two years.
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A comparison of net returns between feeding systems and across marketing peri-
ods estimated with actual prices is reported in table 2.4. Coecient estimates in the
rst component of the table measure the change in average net returns for retaining
cull cows in the dry-lot system instead of the pasture system. Results indicate that
retention in the dry-lot system generated lower average net returns in each marketing
period than did retention in the pasture system. Comparisons of the two systems at
each marketing period are negative and statistically signicant. The second and third
components of table 2.4 measure the change in average net returns across adjacent
marketing periods within a feeding system, with the earlier period as the base. A neg-
ative sign on net returns indicates that the latter marketing period generates higher
net returns than the earlier marketing period, while a positive coecient indicates
that the earlier marketing period generates higher net returns than the later market-
ing period. In the dry lot system, net returns are maximized at 91 days. Marketing
dry lot cull cows at 63 days instead of 91 days would forego $22.75 per head in net
returns (p=0.013). Note that the change in net return for marketing dry-lot cull cows
at 91 days rather than 126 days is negative at -$18.54, but it is not statistically dier-
ent from zero. Recall that table 2.3 reports positive net returns for every marketing
period beyond 35 days for cull cows retained in the pasture system. Additionally, the
rst component of table 2.3 suggests that the pasture system is superior with respect
to net returns at every marketing period. Interestingly, when adjacent marketing
periods are compared within the pasture system, there are no statistical dierences
in net return per head beyond the 63 day marketing period at the 90% condence
level. From a practical standpoint, however, it is of note that marketing cull cows in
the pasture system at 63 days rather than marketing at 91 days would forego $13.78
in net returns per head if measured at the 85% condence level rather than the 90%
level.
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The results above give a snapshot of the potential for net returns from retaining
cull cows beyond the culling period for the three years in the study. An examination
of net returns using the price response function gives a longer term perspective on the
potential for net returns from retaining cull cows beyond the culling period. When
net returns are estimated using the price response function, the model yields results
similar to those when actual price is used. Retention of cull cows in the pasture
system generates positive and signicant net returns above revenue at culling in each
of the ve alternate marketing periods as shown in table 2.5. The highest level of
net returns ($61.80/head) is realized at 155 days (February) with the second highest
returns at 91 days ($49.22/head). Table 2.5 also reports that net returns for cows in
the dry-lot system are all negative and statistically signicant or slightly positive but
not statistically dierent from zero, suggesting little or no potential for increasing the
salvage value of cull cows with this system.
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When net returns are compared at the same marketing interval across feeding
systems (see table 2.6), the pasture system is preferred in every case. A comparison
of net returns across adjacent marketing periods would suggest the optimal marketing
period for cull cows held in the pasture system is 91 days. Though the potential for
net returns is higher at 155 days, the risk of holding the cows for an additional 60
days should be considered in that marketing decision.
2.5 Conclusions and Implications
The salvage value of cull cows represents a signicant component of annual rev-
enue for cow-calf revenue. Given the consistency and magnitude of price seasonality
in cull cow markets, it is useful to examine the possibility of retaining cull cows be-
yond culling for delayed marketing. This study investigates the impact of the timing
of marketing and feeding systems on net returns from cull cows. Specically, it ex-
amines the protability of selling cull cows immediately after being culled from the
herd versus retaining them on pasture or in a low-cost dry-lot system for alternative
periods of time.
Key factors in the protability of retaining fall cull cows beyond culling for delayed
marketing are retention cost (including feed, labor, and other costs), weight gain, and
the seasonal price movement. Results showed that cull cows in both systems initially
gained a signicant amount of weight. Beyond the rst period, cows retained in the
pasture system began losing weight on average while the dry lot cows continued to
gain, albeit slowly, until 126 days beyond culling. Average retention cost per cow for
the low-cost dry-lot system was more than double that of the average retention cost
per cow for the pasture system for the rst marketing period and increased at a faster
pace throughout the study (gures 2.3 and 2.4). In the case of the low-cost dry-lot
system, weight gains by cull cows coupled with the seasonal upswings in price in late
winter and early spring were not enough to overcome the relatively higher cost of
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retention as compared to the dry-lot system. Although cull cows retained on pasture
ultimately weighed less at marketing than at culling, the possibility of positive net
returns existed because of the lower retention cost and the seasonal upswing in prices
during late winter and early spring. Put simply, the gains from the seasonal price
upswing on average were high enough at 63 days or beyond to compensate for the
minimal (average) weight loss in pasture system cull cows, given the low retention
cost, while the seasonal upswing in price coupled with weight gain was not enough
to compensate for the high cost of retaining cows in the dry-lot system. Overall,
the outcome of the study indicates that retaining cull cows beyond fall culling for
delayed marketing during periods of typically higher prices can generate positive net
returns above marketing immediately at culling, but that the retention cost relative
to potential weight gain is an important factor for producers to consider.
Figure 2.1: Slaughter cow price response as a function of month and quality grade
29
Figure 2.2: Cumulative average feed cost and cumulative average weight gain by cull
cow retention system.
Figure 2.3: Average actual price ($/cwt) across marketing periods and production
seasons for cows retained in the dry-lot system.
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Figure 2.4: Average actual price ($/cwt) across marketing periods and production
seasons for cows retained in the pasture system.
31
CHAPTER 3
NET RETURNS FROM FEEDING CULL COWS: THE INFLUENCE
OF BEGINNING BODY CONDITION SCORES
3.1 Introduction
Anecdotal evidence suggests that cow-calf producers usually leave money on
the table when it comes to marketing cull cows. Studies such as Blevins (2009) have
shown that 15 to 30 percent of cow-calf producers' prot is earned from marketing
cull cows. Carter and Johnson (2007) stated that in a typical year, increasing the net
income from sales of cull cows by even ten percent results in nearly doubling ranch
prot margins. Increasing a cow's salvage value as a capital asset at the end of its
useful life to the ranch then becomes a key management issue that deserves more
attention.
Cow-calf producers tend to devote high energy to producing and marketing steers
and heifers, but give less attention to marketing cull cows. Cows are typically culled
from the herd in the fall after weaning calves and sold immediately when cow markets
are at the seasonal low price. The most common reason that cows are removed from
the herd is that they failed to become pregnant during the most recent breeding cycle.
Strohbehn and Sellers (2002) suggested that retaining and feeding sound, healthy cow
with thin to moderate beginning body condition scores (BCS) would signicantly
increase the overall protability of cull cows1. The seasonal price pattern in slaughter
1Body condition scores (BCS) are a visual estimate of the external fat carried out by a cow.
It is often used by producers, extension personnel and researchers. Scores are assigned from 1
(emaciated and carrying virtually not fat) to 9 (excessively fat. Wagner et al (1988) pointed out
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Figure 3.1: Five year weekly average slaughter cow prices, Southern Plains, 85-90%
Lean, 2006-2011.
cows has the widest extreme from seasonal low to seasonal high of any class of cattle,
oering producers an opportunity to add 10 to nearly 25 percent to the price for cull
cows from the seasonal low to the following spring (Peel and Doye 2008). Figure 3.1
shown above illustrates this seasonal movement for the past ten years. In addition
to seasonal price increases, cow-calf producers must also consider resource cost and
availability, not the least of which include management capacity, feeds, labor and
pasture or holding facilities, when deciding whether to retain and feed cull cows or to
market them immediately when culled from the herd. In certain situations, feeding
cull cows may actually increase the eciency of underutilized labor resources and
low quality forage (Peel and Doye 2008). In other cases, the opportunity cost may
outweigh the benet.
Blevins (2009) contends that managed marketing of cull cows has the potential to
that BCS information may be used to adjust feeding strategies for reproductive performance or
feeding eciency.
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increase overall protability of the cow-calf herd. Roeber et al (2001) indicated that
beef producers could increase returns from cull cows by as much as $70 per head or
more when quality defects, health, and condition of cull cows are well managed and
marketed in a timely manner. Amadou et al (2009) found positive net returns for
retaining cull cows beyond fall culling on native grass for 90 to 120 days. This practice
takes advantage of the normal seasonal pattern in cull cow prices at a relatively low
feed cost.
Some studies have suggested that, in addition to capturing additional value from
the seasonal price upswing, retaining cows culled from the breeding herd in a short-
term feeding system with a specied forage or concentrate ration may allow producers
to increase pounds sold along with slaughter quality grade of the animal (Feuz 2006,
Wright 2005). Peel and Doye (2008) concluded a relationship exists between ending
BCS, marketing classication, and estimated dressing percentage. That is, the body
condition score at marketing can be an indicator of other characteristics that impact
the price per pound received. Apple (1999) found that cows with higher BCS scores
at slaughter (7 to 8) had the highest gross and net carcass values while cows with
lower BCS scores (2 to 3) at slaughter had less value. Schnell et al (2004) pointed out
that improvement in the quality and consistency of beef products obtained through
feeding a high concentrate diet could enhance the salvage value of cull beef cows.
Carter and Johnson (2007) stated that cows with higher ending BCS and heavier
weight optimize economic returns by having both a higher carcass value and a higher
live value. However, Wright (2005) contends that the value added to cull cows from
this practice depends on feed costs and availability as well as on nal cow carcass
quality and days on feed. The studies mentioned here are focused on the ending BCS
at marketing and do not account for the cost to the cow-calf producer of holding and
feeding cull cows to obtain a higher ending BCS.
According to Feuz (1992), a one point increase in BCS requires 60 to 80 pounds
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of gain, depending on the frame of individual cow. Encinias and Lardy (2000) recom-
mend a BCS of > 4 at weaning and 5 at calving for mature cows in order to maximize
breeding potential. Cows that end the weaning season with a relatively low BCS (e.g
leaner) should be more feed ecient in a retention setting. That is, a greater per-
centage of feed should go to weight gain rather than to weight maintenance for these
animals. Thus, the cost of gain will likely be less for cows with lower initial BCS,
enhancing the opportunity for a positive net return from retaining cull cows for a
period rather than marketing them immediately at culling.
While many have suggested that BCS at marketing plays a role in determining
value and that BCS is a useful tool when making culling decisions, there is little
information on the inuence of beginning BCS on net returns from feeding cull cows.
The objective of this research is to determine the inuence of body condition score
at culling on net returns from retaining cull cows in a pasture system or a low-cost
dry lot system for a period of time beyond the culling date. We hypothesize that
cull cows with lower beginning BCS will have higher net returns from feeding in a
retention setting than cows with higher beginning BCS.
3.2 Methodology
The producer's choice in maximizing net returns from retaining a cull cow j for
i feeding periods relative to culling revenue at weaning (i=0) can be dened as:
Max NRij =
8><>: PojWoj; for i = 0PijWij   PojWoj  P5i=1Cij; for otherwise (3.1)
where NRij is total net return from selling cull cow j at feeding interval i (where
i  (1, 2, 3, 4, 5), Pij represents the price for cow j at feeding interval i, Wij is the
ending weight for cow j at feeding interval i, Poj is the price for cow j at culling,
Woj is the weight for cow j at the time of culling, and Cij is the cumulative retention
cost from the culling point to the marketing period for cow j at feeding interval i.
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For an individual cow j, the optimal marketing period i (at culling or at the end of
a subsequent feeding interval) is that period in which net return over retention cost
is maximized.
If net return for each feeding interval, i, is known, the producer's decision is
simplied. Since that is not the case, we estimate the adjusted mean net returns that
take into account the xed eects in the experiment. Specically, maximum likelihood
estimation is employed to estimate adjusted (least squares) means for net returns at
the culling period and for alternative marketing periods with both random and xed
eects. Fixed eects include beginning BCS category at culling (thin, medium, and
heavy), management system (pasture or dry lot), and feeding interval (0, 35, 63, 91,
126, and 155 days), while cow and year are considered as random eects. The general
model can be expressed as follows:
NRijk = + i + j + k + ij + ik + jk + ijk + t + "ijk (3.2)
where NRijk is the adjusted mean for net return for a given cow with body condition
score i (i= thin, medium, and heavy) on treatment level j (j=pasture or dry-lot) at
time k (k=0, 35, 63, 91, 126, and 155),  is a constant representing the overall mean,
i is the beginning BCS i eect, j is the management system j eect (pasture, dry
lot), k is the feeding period k eect, ij is the body condition score and treatment
interaction, ik is the body condition score and marketing period interactions, jk
is management system and marketing period interaction eect, ijk is the body
condition score, feeding period and treatment interaction eect, t is the year random
eect with t  (0; 2), and "ijk is the random error with "ijk  N(0; 2 )
3.3 Data
This cull cow retention and marketing experiment was conducted at the Samuel
Roberts Noble Foundation in Ardmore, Oklahoma. Spring calving cows culled from
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a herd of black-hided Angus cows were retained either in a grazing environment
(pasture) or in a low-cost dry lot environment (dry lot). Ranch managers made
culling decisions based on cow performance and breeding history. Data were collected
at culling and then at approximately monthly intervals for cows culled in October
2007 and marketed in April 2008, for cows culled in October 2008 and marketed in
March 2009, and for cows culled in October 2009 and marketed in March 2010. A
total of 162 cows included in the study across the three year period were randomly
assigned to a management system. In the low-cost dry lot system, 81 cows were
fed rye hay and protein cubes (10% crude protein from mid-October to December
changing to 25% crude protein cubes in December). The 81 cows in the pasture
system were fed on stockpiled native grass pasture (350 acres) supplemented with
hay and cubes only during icy periods. Both groups received mineral supplement.
Physical data collected on individual cows includes weight, estimated USDA slaughter
cow grade, estimated dressing percentage, and body condition score. To minimize bias
in subjective measures across time periods, the same USDA Agricultural Marketing
Services (AMS) stas were utilized to assign USDA grade, dressing percentage and
body condition scores at each weigh period when data were collected, including at
culling.
Cost components include feed, pasture, labor, and operating interest. Feed quan-
tity data was collected on a pen basis and includes protein range cubes (pounds fed),
mineral supplement (pounds fed), and hay (tons fed). Cube and mineral prices were
charged at the rate oered by the local feed milling company during the feeding pe-
riod. Rye hay cost is based on tons fed and it is priced at the purchase price, which is
consistent with prices reported in the Oklahoma Market Report, Oklahoma Depart-
ment of Agriculture, Food and Forestry for grass hay, east region. Pasture costs were
assessed a per acre cash rental rate based on local rates and are within the range re-
ported by Doye and Sahs (2011) during the study period. Feed costs for each feeding
37
period are converted to a per cow average for individual cows based on management
system and number of animals in the pen. Labor is tracked in hours per feeding pe-
riod for each system and assigned a wage rate consistent with that oered locally for
hourly ranch hands during the study period as reported by Oklahoma Department
of Commerce (2009). Operating interest is charged at the annual rate of 7.5% on the
estimated value of the cow at the initial culling.
Price data for cull cows is taken from the Slaughter Cow portion of Agricultural
Marketing Service's (AMS) price reports KO-LS155 and KO-LS795 for Oklahoma
National Stockyards, Oklahoma City, as summarized by the Livestock Market Infor-
mation Center. Two methods are used to assign individual cow prices. The rst
method is an actual price. Estimated USDA grade and dressing percentage are used
in conjunction with the nearest in time weekly AMS price report to identify a specic
price per hundredweight for each cow at each of the ve feeding intervals in a culling
year. The second method is an estimated price obtained from a price response func-
tion. Monthly AMS price data from 2003 to 2010 is used to generate a price response
function for slaughter cows, which then assigns individual cow prices ($/cwt) based
on the marketing period and the animal's USDA grade.
The beginning BCS of an individual cow at culling is used to assign the cow to
one of three BCS categories. Cull cows are classied as thin (beginning BCS < 5),
medium (5  beginning BCS  6) or heavy (beginning BCS > 6). This division of
BCS scores, particularly with respect to the thin category, is supported by Encinias
and Lardy (2000) and as well as Steward (2000) . Anecdotally, discussions with ranch
managers also suggest that they sort cows in a manner similar to these classications
when assessing nutritional needs and adjusting feeding regimens of the cow herd.
Beginning BCS was not collected in the rst year of the experiment. However, BCS
was collected in the initial culling periods for the second and third experiment years,
as well as for three other periods during the study. The relationship of BCS, cow
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weight, dressing percentage, ll and quality grade is estimated using data from the
ve available periods as follows:
BCSj = 1 + 2Woj + 3DPj + 4Boner + 5Breaker + 6Fill + j (3.3)
where DP is dressing percentage, Boner and Breaker are dummy variables represent-
ing quality grade,   N(0; 2), and other variables are as previously dened. The
resulting equation is used to predict beginning BCS score, and thus BCS category
(thin, medium and heavy), for cows included in the rst year of the experiment.
3.4 Results
Two possibilities were considered for the functional form of the price response.
A model using the dummy variables for monthly and quality grade impacts was
compared to a trigonometric model. The simple dummy variable for price response
is expressed as follows:
Pmgt = 0 +
11X
m=1
mMm +
2X
g=1
gQg + t + "mgt (3.4)
where Pmgt is the price at month m (m=1,...,12) at given quality grade g (g=lean,
Boner, or Breaker) in year t, M = month, Qg quality grade, t is the year random
eect with t  N(0; 2t ), "mgt is a random error term where "mgt  N(0; 2 ). The
trigonometric price response function may be written as:
Pmgt = 0 + 1Mm +
3X
n=1
12X
T=4
[an cos

2M
T

+ bn sin

2M
T

] +
2X
g=1
gQg + t + "mgt
(3.5)
where T is the frequency and other variables are as previously dened. The two
models can be compared using a likelihood ratio test.
The chi-square value for the likelihood ratio test is calculated as 24 =  5360U +
5386:7R = 26:7, where the trigonometric model (10 parameters) is a restricted version
of the dummy variable model (14 parameters). Comparing the test value of 24 = 24:8
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to the critical chi-square value (2c = 9:48) concludes that the dummy variable model
is more appropriate than the trigonometric model. Price response function parameter
estimates are reported in table 3.1 below. Coecient estimates capture the signi-
cant seasonality typically present in the slaughter cow market. Figure 3.2 illustrates
that the predicted price response function generates a similar seasonal price pattern
to that reected by the seasonal price index in Figure 3.1. While the actual mar-
Figure 3.2: Slaughter cow price response as a function of month and quality grade
ket price reects short run market dynamics, the price response function deals with
the long run dynamics of price. Relative to the October price, the November coe-
cient is negative and signicant, representing the seasonal low in the fall when cow
culling decisions are typically made resulting in high supply. Price eects for Febru-
ary through September are positive and signicant, peaking in April. Coecients for
yield grades of Boner and Breaker are also positive and signicantly related to price,
relative to a yield grade of Lean. The coecients in table 1 are used to estimate price
per hundredweight for each cow at each possible marketing period. For example, a
cow marketed in December 2007 classied as a Breaker is assigned an actual price
of $39.50/cwt as reported in the nearest AMS marketing report. However, using
the price response function, that same cow would be assigned an estimated price of
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Table 3.1: Estimated slaughter cow price as function of month and quality grade.
Parameters Independent variables Estimates Standard Errors p-values
0 Intercept 41.610 0.5508 < 0:0001
1 Jan 1.090 0.7832 0:1644
2 Feb 3.599 0.7472 < 0:0001
3 Mar 4.146 0.7348 < 0:0001
4 Apr 4.619 0.7396 < 0:0001
5 May 4.604 0.7196 < 0:0001
6 June 3.311 0.7396 < 0:0001
7 July 4.600 0.7472 < 0:0001
8 Aug 3.634 0.7196 < 0:0001
9 Sept 3.808 0.7325 < 0:0001
10 Nov -1.669 0.7136 0:0196
11 Dec -0.989 0.8326 0:2353
1 Breaker 6.308 0.3823 < 0:0001
2 Boner 6.740 0.3826 < 0:0001
2t Year Random eect 11.144
2" Variance of error term 23.681
-2LL Loglikelihood 5360
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$46.95/cwt at marketing.
Parameter estimates for equation 3.3 represent the body condition score relation-
ship to specic physical condition variables. The resulting equation is as follows, with
p-values reported in parentheses:
BCSj =  3:14 + 0:30 Boner + 0:74 Breaker + 0:02 W + 0:01 W 2 + 0:15 Fill + 0:16 DP (3:6)
(0:0460) (0:0400) (0:0001) (0:8480) (0:2530) (< 0:0001) (0:0001)
Quality grade, dressing percentage, and ll are positive and signicantly related
to body condition scores. The resulting equation is used to estimate initial body
condition scores for each cow in year one. Summary statistics of the beginning BCS
and the distribution of cull cows across beginning BCS categories, treatment groups,
and across years are presented in table 3.2. In general, a disproportionate number of
cows are classied as medium across the study years. The percentage of cows in each
study year classied as medium ranged from 51 percent to 78 percent, suggesting
that the source herd is well-managed with respect to optimal body condition scores
at weaning. A mixed model is used to estimate equation 3.2 with Proc Mixed in
SAS 9.2. Likelihood ratio tests indicated that the unstructured covariance matrix
was most appropriate for modeling the data.
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Table 3.2: Cull cow BCS distribution and treatment group summary statistics across
years
Variables Characteristics Pooled average Year one Year two Year three
Mean BegBCS 5.5 5.4 5.9 5.32
Standard Deviation 0.86 0.72 0.99 0.77
Minimum 4 4 4 4
Maximum 8 6.5 8 7.5
Distribution of Cows
N 162 48 43 71
Management System
Pasture 81 24 21 36
Drylot 81 24 22 35
BCS Category
Thin 32 8 6 18
Medium 99 32 22 45
Heavy 31 8 15 8
Table 3.3 below reports adjusted mean change in net returns relative to revenue
at culling for the three BCS categories across management systems, years and weigh
periods using actual market price. The most striking results from table 3.3 is the
lack of positive changes in net returns in the dry lot management system. In all
cases under the dry lot system, net returns relative to revenue at culling are either
negative and signicant (p  0.10) or not signicantly dierent from zero. In the
pasture management system change in net returns for cows classied as thin were
positive and signicant (p  0:10) at 63 days ($50.60), 91 days ($39.73), and 126
days ($64.10). Net returns peaked at 126 days, but require holding cows sixty days
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longer to capture the additional $13.50 in net returns. Changes in net returns for cows
in the pasture system classied as medium were positive and signicant at 63 days
($26.36), 91 days ($47.93), 126 days ($65.88), and 155 days ($38.82), again peaking
at 126 days. By contrast pooled net returns for cows classied as heavy retained in
the pasture system were negative and signicant at all weigh periods . Table 3.3 also
reports sensitivity of net returns to  10% change in feed cost using actual market
price. Results show that a  10% change in feed cost is not enough to inuence
producers' decisions on cull cow retention strategies based on net return measures.
Figure 3.3: Change in net returns compared to revenue at culling for cull cows in dry
lot system using actual market price: comparison across beginning BCS categories
45
Figure 3.4: Change in net returns compared to revenue at culling for cull cows in
the pasture system using actual market price: comparison across beginning BCS
categories
Figures 3.3 and 3.4 above illustrate pooled net returns across BCS categories for
the dry lot system and pasture system, respectively, using actual market price. Figure
3.3 illustrates that changes in net returns above revenue at culling for dry lot system
cows were only positive at 126 days in the case of thin cows. However, as seen in
Table 3.3, this result is not statistically dierent from zero. Figure 3.4 shows that
changes in pooled net returns are positive beyond 35 days for both thin and medium
cows in the pasture system using actual market price. Together, gures 3.3 and 3.4
emphasize that cows classied as heavy at culling do not generate positive changes
in net returns over revenue at culling in either retention setting.
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A direct statistical comparison of dierences in net returns between categories as
measured with actual market price is presented in table 3.4. Results show that, in
general, the dierence between net returns of thin versus medium cows retained on
both pasture and dry lot were not signicantly dierent from each other. Results
also reveal that the dierence between pasture system net returns of both thin and
medium cows versus heavy cows were positive and statistically signicant. Thin and
medium cows retained on pasture at 35 days produced $89.90 (p< 0:0001) and $74.15
(p< 0:0001) higher net returns, respectively, than heavy cows on pasture. At 63 days,
medium and thin cull cows on pasture respectively generated $100.06 (p=0.0002) and
$75.82 (p=0.0162) higher net returns than heavy cull cows retained on pasture. At
91 days, net returns of thin and medium cows on pasture were $72.85 (p=0.0197) and
$81.05 (p=0.0020) higher than heavy cows held on pasture. The largest dierence
in net returns come at 126 days where thin and medium cows on pasture produced
$131.85 (p=0.0013) and $133.62 (p=0.0001) higher net returns respectively, than
heavy cows. Results are similar for cull cows held in pasture system for 155 days.
Overall, cows classied as thin or medium by BCS score generated higher net returns
in either retention setting as compared to those classied as heavy.
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Table 3.5 reports net returns by BCS category across management systems and
weigh periods using the price response function. Pooled net returns for thin cows
compared to revenue at culling in a dry lot setting were all negative, but signicantly
dierent from zero only at 35 days. Changes in net returns for cows classied as
thin and retained in the pasture system were positive and statistically signicant at
each marketing period, peaking at 155 days ($72.92). Changes in net returns for
cows classied as medium and retained in the pasture system were also positive and
signicant for each marketing period, peaking at 155 days ($66.07). Table 3.5 also
reports the sensitivity of net returns to a 10% change in feed cost. Results suggest
that only the magnitudes of net returns have changed, but the direction of coecients
remains unchanged as a result of 10% change in feed cost. In this scenario, the 10%
change in input costs has little impact on producers' decision to retain and feed cull
cows beyond culling.
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Figure 3.5: Change in net returns compared to revenue at culling for cows in dry lot
system using price response function: comparison across beginning BCS categories.
Figure 3.6: Change in net returns compared to revenue at culling for cows in the
pasture system using price response function: comparison across beginning BCS cat-
egories
Figures 3.5 and 3.6 above illustrate pooled net returns estimated using the price
response function. Figure 3.5 illustrates that change in net returns for dry lot sys-
tems were slightly positive for thin and medium cows at 126 days, though Table 3.5,
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indicates neither is signicantly dierent from zero. Figure 3.6 shows that changes
in net returns are positive beyond 35 days for both thin and medium cows in the
pasture system using the price response function. Figures 3.5 and 3.6 again highlight
that cows classied as heavy at culling produce little or no positive changes in net
returns over revenue at culling in either feeding program. Table 3.6 reports pairwise
BCS comparisons of the change in net returns relative to revenue at culling across
all alternative marketing intervals for both retention systems when prices are esti-
mated using the price response function. At each period, the dierence between net
returns of thin and medium cows held on pasture is not statistically signicant. The
same holds true for cull cows retained in the dry lot system. However, results do
suggest signicant dierences in net returns for both thin versus heavy and medium
versus heavy cows in the pasture system at multiple periods. The largest dierences
come at 126 days where thin and medium cows produced $96.44 and $94.25 higher,
respectively, than net returns of heavy cows retained on pasture.
52
Figure 3.7: Change in ADG compared to ADG at culling for cull cows in dry lot
across beginning BCS categories
Figure 3.8: Change in ADG compared to ADG at culling for cull cows in pasture
system across beginning BCS categories.
Figures 3.7 and 3.8 illustrate average daily gain (ADG) for thin, medium and
heavy cull cows in the dry lot management system and on pasture. Figure 3.7 shows
that ADG of thin, medium and heavy cull cows in the dry lot setting decreased over
time, but the ADG of thin cull cows was higher than for medium and heavy cows
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in all but the rst weigh period. Similarly, Figure 3.8 illustrates that ADG of thin,
medium and heavy cows generally decreased over time with ADG of thin cull cows
again higher than those of medium and heavy cows2. This corresponds with the
notion that as cows get heavier, more feed goes to weight maintenance as opposed
to weight gain and feed eciency decreases. Here, evidence supporting that theory
is seen in both the dry lot and pasture management systems. In the rst 35 days of
feeding, costs between the dry lot and pasture systems are similar. However, in the
periods following, dry lot costs increase more rapidly across marketing periods than
do the costs for holding cull cows in a pasture/forage system.
3.5 Conclusions and Implications
Beginning body condition score appears to be an important factor in determin-
ing net returns from retaining and feeding cull cows beyond the culling date. As
such, the beginning body condition scores should also play an important role in the
decision of whether to sell cull cows at the time of culling or to retain and feed them
for a period of time. In this study, cows classied as heavy at culling (beginning
BCS >6.0) generally yielded negative and signicant net returns relative to revenue
at culling regardless of the retention system or pricing method. Cows with lower
beginning BCS scores generally yielded positive net returns above revenue at culling
in a pasture retention system, though net returns were typically negative in the dry
lot system. Recall that ADG decreased over time for each BCS category in each
management system, but thin and medium cows tended to have a higher ADG than
heavy cows in each system. From a practical management perspective, together these
results suggest that heavy cows should be sold immediately after culling, while pro-
2The exception is heavy cows at the day 155 weigh period. However, ADG is calculated for the
days between weigh periods. The fact that heavy cows lost weight in the previous period and then
had increased pasture available from spring green up likely inuenced ADG measures in this period.
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ducers should consider their own resources, including feed cost, when determining
whether to retain cows with lower BCS scores for delayed marketing.
In this study, results favor a pasture system over low cost dry lot retention. Net
returns relative to revenue at culling are higher for pasture system cows than dry lot
at each marketing interval for each BCS category. That is, the potential for positive
net returns is higher in a pasture based system than in a dry lot based system. This
would suggest that an accurate assessment of relative feed costs of retention systems,
along with predicting the likely magnitude of seasonal price movements in cull cow
markets, is particularly important in the decision to hold cows beyond culling.
The beginning BCS appears to be an important factor in determining which cull
cows to retain and feed. In the context of producer decisions regarding feeding cull
cows, the results suggest that producers should carefully consider the body condition
score of cows when making the decision to retain and feed versus marketing cows at
culling. While our study suggests that a pasture system was generally more protable
for retention than a dry lot system, cows with a beginning BCS less than 6.0 generated
higher net returns relative to marketing at culling than cows with a beginning of BCS
6.0 or higher, regardless of the feeding system.
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CHAPTER 4
PROFITABILITY OF MARKETING CULL COWS AS BRED COWS
4.1 Introduction
Several studies have consistently indicated that retaining cull cows for delayed
marketing provides a potential source of increased income to U.S cow-calf producers
(Amadou et al 2009, Feuz et al 2006). However, most cow-calf producers traditionally
sort out and sell cull cows when both body condition scores and prices are low.
Relatively little attention is given by producers to increasing returns from marketing
cull cows despite the fact that they account 15-30% of cow-calf revenue (Feuz 1996,
Spreen and Simpson 1992). The protability of fall marketing of cull cows from spring
calving herds is potentially limited by both physical and economic factors. Poor body
condition score in the fall resulting from the eect of lactation combined with poor
quality forage is the key limiting physical factor. Seasonal price lows generated from
a large cull cow supply in the fall is the key limiting economic factor to protability if
marketing cows at culling. Alternative timing of cull cow marketing has the potential
to increase net revenue that slaughter cows bring to the cow-calf operation, thus
increasing the salvage value of that cow as a capital asset. Managing cull breeding
stock by improving body condition score with a cost-eective feeding program and
selling them in the spring as prices seasonally increase may signicantly improve net
returns from the sale of cull cows (Little et al 1990, Feuz 1996, Spreen et al 1992, Peel
and Meyer 2002). Additionally, it presents an opportunity to breed back cull cows to
be marketed as bred cows. Most cows sold from a cow-calf operation would be open
cull cows. For those cows in good health, adding a bull to a retention system for cull
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cows may result in bred cows, presenting an alternative marketing option.
Calving seasons in Oklahoma for cow-calf operations include year-round, fall calv-
ing, spring calving, and spring and fall calving. A limited survey of Oklahoma pro-
ducers suggests that the most common is year-round calving, with 44.6% of producers
practicing this. Spring calving follows at 25.6%, with fall and spring calving at 20.6%
and fall calving at 9.2% (Peel and Doye 2008). The existence herds with alterna-
tive calving seasons provides a potential market for cull cows from spring-calving
herds that breed back after culling and can be marketed as bred cows rather than as
slaughter cows.
Most previous research has focused on determining how physical attributes such
as weight and grade categories impact market price for cull cows sold as slaughter
cows, nding that healthy cows in desirable lot sizes at higher dressing percentages
were signicantly related to higher cow price (e.g. Mintert et al 1990, Apple 1999).
Research has also shown that there is potential to add value to cull cows from spring
calving herds when retained on pasture for delayed marketing (Amadou et al 2009).
Retaining and feeding cull cows for delayed marketing to take advantage of potentially
better condition, higher slaughter grade, and seasonal price upswings may add value
to cull cows, but producers have to consider potential added benets against average
added costs for alternative marketing programs (Ward et al 2008).
The average bred cow is typically valued about 8 percent higher per head than an
average cull cow (Peel et al 2008). This average is further aected by age and quality
of the cow, with younger cows and higher quality cows earning higher prices Putting
bulls with cows assumed to be open at culling may result in some percentage of them
being bred. The determination of cull cows' re-breeding rates similarly involves the
interaction of many factors. For example, genetic and environmental factors such
as nutritional level, body condition, climatic conditions, diseases, breeding season
and breed dierences generally aect the rebreeding performance of cows (Corah and
58
Lusky 1999). Any cull beef cows that become bred in the retention period have the
potential to be sold as bred cows.
To better understand both bred and slaughter cow market dynamics over time,
bred and slaughter cow price series are analyzed. Figures 1 and 2 illustrate slaughter
cow and bred cow price series over time. Figure 1 shows that slaughter cow prices
follow a relatively consistent pattern over time. Figure 2 shows that the bred cow
price pattern uctuates more over time, with price trends driven by the inuence of
expansion and liquidation phases. Herd expansion generally results in higher demand
and higher prices for cows, while herd liquidation leads to excess supply and lower
prices for cows. Post-drought rebuilding may provide a potential market for cows
marketed as bred. While the potential to capture the seasonal price upswing makes
delayed marketing of cull cows as slaughter cows attractive, the overall price dierence
that typically exits between bred cows and slaughter cows suggests that marketing
cull cows from spring-calving herds as bred cows that t into and alternative breeding
season may be a viable alternative.
The overall objective of this paper is to determine whether the salvage value of
cull cows can be increased when cull cows are retained beyond culling and marketed
later as bred cows instead of slaughter cows. The specic objective is to compare
the protability of marketing cull cows as bred cows and slaughter cows under two
retention systems.
4.2 Conceptual Framework
The producer must consider the trade-o between potential returns and antic-
ipated costs before deciding to retain and feed cull cows in any delayed marketing
scenario. Protability of delayed marketing for marketing cull beef cows either as
slaughter or bred cows is not only inuenced by weight gain, but also by input and
output prices, length of feeding, and seasonal price changes. Assuming the producer
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owns or has access to a bull, penning the bull with retained cull cows may increase
the number of cull cows available to market as bred cows instead of slaughter cows.
The producer's choice in maximizing net returns from retaining cull cow c for i feed-
ing periods to be marketed as a slaughter or bred cow relative to culling revenue at
weaning (i=0) can be mathematically expressed as follows:
Max NRijc =
8><>: PojcWojc; for i = 0PijcWijc   PojcWojc  P5i=1Cij; for otherwise (4.1)
where NRijc is total net return from selling cull cow j sold as c bred or slaughter cows
at feeding interval i (where i  (1, 2, 3, 4, 5 ), Pojc is the price for cow c at culling
sold as slaughter, Wojc is the weight for cow c at the time of culling sold as slaughter
Pijc represents the price for cull cow c at marketing period i at feeding system j, Wijc
is the ending weight for cow c at marketing interval i on feeding system j, and Cij
is the cumulative retention cost from the culling point to the marketing period for
cow c at feeding interval i. For an individual cow c, the optimal marketing period i
(at culling or at the end of a subsequent feeding interval) is that period in which net
return over retention cost is maximized.
4.3 Data
Study data is the result of a three year experiment conducted at the Samuel
Roberts Foundation in Ardmore, Oklahoma from October 2007 to March 2010. The
experiment included a total of 162 cull cows equally assigned to low-cost dry lot
and native grass pasture systems. Data were collected for cull cows in October 2007
and marketed in April 2008 cows collected in October 2008 and marketed in March
2009, and nally cows culled in October 2009 and marketed in March 2010. The
study specically included 48 cull cows in year 1, 43 cull cows in year 2 and 71 cull
cows in year 3. In each year, individual cow data were measured at approximately
monthly intervals on weight, USDA grade, dressing percentage, and cost components.
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Note that during each experiment period, a bull was assigned to each group of cull
cows (dry-lot and pasture). In the dry-lot system, cows were fed on hay and protein
cubes. From mid-October to December, cow in the dry-lot system were fed 10% crude
protein and then switched to 25% protein cubes for the rest of the retention period.
Cows maintained in the pasture system grazed on stockpiled native grass pasture
supplemented with hay and cubes only during icy periods. Each group additionally
received mineral supplement.
Price data series for both slaughter and bred cows reported by Agricultural Mar-
keting Service's (AMS) are collected. Price data for cull cows is taken from the
Slaughter Cow portion of AMS price reports KO LS155 and KO LS795 for Ok-
lahoma National Stockyards, Oklahoma City, as summarized by the Livestock Market
Information Center from 2003 to 2010. Similarly, price data for bred cows classied
as medium-large and middle aged (4-6 years) are taken from the bred cow portion of
Agricultural Marketing Service's (AMS) price report LS 214 for Oklahoma National
Stockyards, Oklahoma City, as summarized by Livestock Market Information Center
from 2004 to 2011. Price response functions for both slaughter and bred cows were
estimated and used to assign market value for individual cows at each period under
the two alternative marketing scenarios. The rst scenario assumes that cull cows are
marketed as slaughter cows while the second scenario assumes cull cows are marketed
as bred cows.
The cost components including feed, pasture, labor and operating interest were
considered in this study. Feed cost data are assigned as per a cow average by market-
ing interval and management systems for an individual cow and is the same under the
slaughter cow scenario and the bred cow scenario. Feed data includes protein range
cubes (pounds fed), mineral supplement (pounds fed), and hay (tons fed). Rye hay
cost is based on tons fed and priced as Grass hay East as reported by the Oklahoma
Market Report, Oklahoma Department of Agriculture, Food and Forestry. Pasture
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costs were charged a per acre cash rental rate based on local rates and consistent
with rates reported by Doye and Sahs (2011) for native pasture in the East region of
Oklahoma. Labor is tracked in hours per feeding period for each system and assigned
a wage rate comparable to that oered locally for hourly ranch hands during the
study period as reported by Oklahoma Department of Commerce (2009). Operating
interest is charged at the annual rate of 7.5% on the estimated value of the cow at
the initial culling. Mineral and cubes were charged a price per pound consistent with
prices reported by the local mill.
4.4 Methods and Procedures
Monthly data reported by Agricultural Marketing Services (AMS) are used to
estimate price response functions for both slaughter and bred cows. As shown in the
equation in 3.4, slaughter cow price measured as function of month and quality grade
can be expressed as follows:
Psmgt = 0 +
11X
m=1
mMm +
2X
g=1
gQg + t + "mgt (4.2)
where Psmgt represents slaughter cow price at month m (m=1...12) at given quality
grade g (g=1, 2, 3), Qg are dummy variables for quality grade, t is a year random
variable with t  N(0; 2t ), "mgt is a random error term with "mgt  N(0; 2 ), and
m; g are parameters to be estimated.
Similarly, the price response function for bred cows can be mathematically de-
scribed as follows:
Pbwt = 0 +
11X
m=1
mMm +
2X
l=1
lWl + vt + bmt (4.3)
where Pbwt is the bred cow price b at month m in year t, Mm is a dummy variable
for month m, Wl is the weight in pounds of cow i at month m, Wl is a dummy
variable for weight l (l=medium, heavy) with W < 1100 as small weight, medium as
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1100  W  1200, and heavy weight as W >1200, vt is the year random variables,
and vt  N(0; 2t ), bmt is random error term where bmt  N(0; 2t ), and m and
l are parameters to be estimated. Alternatively, a trigonometric form for the price
response function for bred cows is also considered and can be expressed as follows:
Pbwt = 0+1M+
3X
n=1
12X
T=4
[an cos

2M
T

+bn sin

2M
T

]+
2X
l=1
lWl+vt+bwt (4.4)
where Pbwt is the price of bred cow b at month m in year t, M is dummy variable for
month m, Wl is the dummy variable weight for l (l=light, medium, and heavy) with
weight categories as previously dened, T is the frequency (T=4, 6, 12), n=1, 2, 3,
vt is the year random variables, and vt  N(0; 2t ), bmt is random error term where
bmt  N(0; 2t ), and 0, 1, l, an, and bn are parameters to be estimated. The
estimated price response functions are used to calculate net returns relative to culling
for each feeding period under each marketing scenarios as described in equation 4.2.
To determine optimal marketing scenarios, net returns are regressed on marketing
period dened by retention beyond culling (35, 63, 91, 126, and 155), management
system (dry lot and pasture), and cow market (slaughter and bred). This relationship
can be written as follows:
NRijk = + i + j + k + ij + ik + jk + ijk + t + "ijk (4.5)
where NRijk is the adjusted mean for net return for a given cow type i (i= slaughter
and bred) on treatment level j (j=pasture or dry-lot) at time k (k=0, 35, 63, 91, 126,
and 155),  is a constant representing the overall mean, i is cow type i eect, j is
the management system j eect(pasture, dry lot), k is the feeding period k eect,
ij is the cow type and treatment interaction, ik is the cow type and marketing
period interactions, jk is management system and marketing period interaction
eect, ijk is the cow type, feeding period and treatment interaction eect, t is
the year random eect with t  N(0; 2) , and "ijk is the random error term with
"ijk  N(0; 2 ). The model shown in equation 4.5 has both xed and random eects.
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Therefore, a restricted maximum likelihood estimation technique with unstructured
covariance matrix is used to t the model.
4.5 Results
Table 4.1 reports coecients for slaughter cow price and for bred cow price
as function of monthly dummy variables and quality grade(slaughter) or weight cat-
egory (bred). Price response function coecient estimates for bred cow price as
a trigonometric function are reported in table 4.2. Recall that in section 3.4, the
monthly dummy variable model was shown to best represent the slaughter cow price.
A comparison of the two functional forms for the bred cow price response results in
24 =  2701:1U +2746:7R = 45:6, where the trigonometric model (10 parameters) is a
restricted version of the dummy variable model (14 parameters). Comparing the test
value 24 = 45:6 to the critical chi-square value (
2
c = 9:48) concludes that the dummy
variable model is also more appropriate for the bred cow price than the trigonometric
model.
Bred cow price function coecients for January, February, March, April, May,
August and December are positive and statistically signicant when compared to the
base month of October, indicating that the seasonal low price occurs in October.
Coecients for medium and heavy weight cows are positive and signicant related
to weight, indicating that medium and heavy weight bred cows tend to bring higher
prices relative to low weight bred cows. Results for the slaughter cow price response
function show that dummy variables for February through September are positive
and and signicant relative to October, with the seasonal price upswing peaking in
May. November is negative and signicantly dierent from zero, indicating that the
seasonal low price typically occurs in November. Results also show that breaker and
boner categories are positive and signicant as compared to price for the lean category.
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Table 4.2: Estimated bred cow price as a function of month and weight category using
the trigonometric function.
Parameters Independent variables Estimated coecients Standard Errors p-values
0 Intercept 713.18 29.1143 < 0:0001
1 Month 3.2570 3.0748 0.2906
2 Cosine1 3.9414 6.0531 0.5156
3 Sine1 0.5977 5.9334 0.9198
4 Cosine2 -12.9800 6.0310 0.0324
5 Sine2 11.5578 7.3607 0.1177
6 Cosine3 -6.0138 6.0127 0.3182
7 Sine3 36.2446 12.6190 0.0044
1 Medium Weight(D2) 29.4475 8.7803 0.0009
2 Heavy Weight(D3) 42.5468 9.0221 < 0:0001
2t Year Random eect 3315.76
2" Variance of error term 3368.16
-2LL Loglikelihood 2746.7
Table 4.2 presents results of the bred cow price response function as described in
equation 4.4. Medium weight and heavy weight categories are positive and signicant
related to price compared to the light weight category.
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Figure 4.1: Seasonal price patterns of slaughter and bred Cows, 2004-2010
Figure 4.1 illustrates the seasonality of both slaughter and bred cows by plotting
the respective price response functions. Seasonal patterns of the two price series are
similar. Note that for the purpose of comparison only, bred cow prices are converted
to a $/cwt basis rather than $/head. Bred cow price peaks in March with prices
lowest in October. Slaughter cow price peaks in May with prices lowest in November.
Bred cow prices are higher on a $/cwt basis than slaughter cow prices for all time
periods. This relationship further illustrates the potential for higher salvage values
in marketing cull cows as bred cows.
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Table 4.3 reports adjusted mean net returns to retaining beyond culling for the
two cow categories across management systems and weigh periods. Results indicate
that net returns for cows marketed as slaughter and retained in a dry lot are negative
and signicant, while net returns for cows marketed as bred and retained in the dry
lot system are positive and signicant for all periods. Results showed that net returns
for cows marketed as slaughter and retained on pasture are positive and signicant
at marketing period, ranging from $13.57 at 35 days to a peak of $61.80 at 155
days, peaking at 155 days beyond culling. Those same cows retained on pasture
and marketed as bred cows result in higher net returns, with a range of $131.20 (155
days) to a peak of $174.14 at 63 days beyond culling. Results further indicate that the
change in net returns for retaining cows on dry lot and marketing as bred is positive
and signicant (p  0.10) at each marketing period with the low at 155 days ($56.58)
and high at 35 days ($127.06). This implies that there is potential to increase net
returns by retaining cull cows beyond for delayed marketing as slaughter or potential
bred cows on pasture. Results also highlight the potential to increase net returns for
cows marketed as bred, regardless of marketing periods and management systems.
We also examine the sensitivity of net returns to a  10% change in cost in table
4.3. This change aects only the magnitude of net returns, but signs of net returns
remain changed, leaving the general result unchanged.
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Figure 4.2: Net returns comparison for cull cows retained on pasture marketed as
slaughter versus bred Cows
Figure 4.3: Net returns comparison for cull cows retained on dry lot marketed as
slaughter versus bred Cows
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Figures 4.2 and 4.3 illustrate net returns for bred and slaughter cows retained in
pasture and dry lot. Net returns for bred cows on pasture appear higher than those
same cows marketed as slaughter cows, regardless of marketing periods (Figure 4.2).
The same is true for cull cows retained in the dry lot setting (Figure 4.3). Table
4.4 compares the change in net returns from delayed marketing of cull cows relative
to revenue if sold at culling across cow marketing category, alternative marketing
intervals, and feeding systems. Coecients estimates compare bred cow net returns
relative to marketing as culls as slaughter cows. Positive net returns favor marketing
cows as bred, while negative net returns favor marketing cows as slaughter. Change
in net returns beyond culling for pasture cows marketed as bred are signicantly
higher than that of pasture cows marketed as slaughter, regardless of feeding periods
and management systems. The dierence is highest at 63 days beyond culling where
net returns relative to revenue at culling for marketing pasture cows are $140.62
signicantly higher than when marketing them as slaughter cows. The dierence
in net returns is smallest at 155 days ($69.40) for pasture cows marketed as bred
rather than as slaughter cows. Results also indicate changes in net returns relative
to revenue at culling for cows retained in a dry lot and marketed as bred cows are
signicantly higher than changes in net returns when those same cows are marketed
as slaughter cows. The result holds for all periods. The highest dierence in net
returns occurs at 35 days where marketing as bred is $142.68 more than marketing
as slaughter. However, the more likely scenario is that the cow would be marketed
as bred at the 63 days period or beyond, since she was presumably open at culling.
The exception would be a cull cow that was a late breeder and incorrectly presumed
open at culling. The smallest changes in net returns relative to revenue at culling for
dry lot cows marketed as bred compared to those for dry lot marketed as slaughter
occur at 126 days beyond culling ($58.13)
A comparison of net returns from retention of cull cows on dry lot and pasture
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across adjacent feeding intervals in the same system is also reported in table 4.4. When
comparing time intervals, negative net returns favor the second time period in the
interval, while positive net returns favor the earlier time period in the interval. The
change in net returns for pasture cows marketed as slaughter is statistically higher at
63, 91, and 155 days as compared to net returns in the immediately previous period.
There is no statistical dierence in net returns from retaining cows on pasture from
91 to 126 days to market as slaughter. There is, however, a signicant increase in
net returns in marketing pasture cows at 155 days rather than 126 days. When cows
are retained in the dry lot setting and marketed as slaughter, results favor marketing
at 126 days. When marketing cows as bred, pasture cows peak in net returns at 63
days. Marketing pasture cows as bred beyond 63 days results in a negative change in
net returns. Dry lot cows marketed as bred reach peak net returns at 35 days, with
zero or statistically negative changes in net returns for holding bred cows in a dry lot
setting beyond 35 days.
4.6 Conclusions and Recommendations
This research sought to determine whether the salvage value of cull beef cows
is increased when cull cows are retained and marketed as bred cows instead of as
slaughter cows. This three-year study included 162 cull cows equally assigned to dry
lot and pasture retention systems at the Samuel Roberts Noble Foundation, Ardmore,
Oklahoma. Results suggest that marketing cows as bred cows is signicantly higher
than those generated when marketing cows as slaughter cows. However, net returns
for slaughter cows on pasture are more protable than net returns of slaughter cows
retained on dry lot. Net returns of bred cows retained on pasture suggest that it is
most protable to market bred cows after retaining them for about 63 days. However,
positive net returns over value at culling persist throughout the retention period. Net
returns of bred cows held on dry lot are highest at 35 days, but this would presume
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that the cow was incorrectly assumed open at culling. The potential to add value to
cull cows that breed back relative to value if marketed at culling persists in both re-
tention systems throughout the periods analyzed. Ranchers should consider potential
weight gain, seasonal price movements, bull accessibility and cost, and potential for
inexpensive gain when considering whether and how long to retain cull cows before
marketing them. In general, producers must know their cost and available resources
in both slaughter and bred cow retention programs to add potential value and take
advantage of the market dynamics.
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Figure 4.4: Slaughter cow price series as reported by AMS from 2004 to 2010
Figure 4.5: Bred cow price series as reported by AMS from 2004 to 2010
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CHAPTER 5
SUMMARY and CONCLUSIONS
This dissertation adds to the literature of cull beef cow management and mar-
keting by assessing alternative marketing strategies for cull cows, inuence of body
condition scores on net returns, and the economics of marketing cull cows as bred cows
instead of slaughter cows using production and cost data from three year experiment
For objective 1, this study investigated whether net returns are higher if cull
cows are sold immediately after being culled from the herd or kept and fed on native
grass pasture or a low-cost dry lot for alternative periods of time. Estimated USDA
grade and dressing percentage were used to assign a price to each cow at each feeding
interval, based on prices reported by the Agricultural Marketing Systems (AMS). In
addition, price response function as a function of yield and months were also used to
assign value to each cow at each weigh period.
Cows in both treatments initially gained weight. Cows in the pasture system lost
weight beyond 91 days while the dry lot cows generally maintained weight. However,
net returns of dry lot cows as compared to revenue if sold at culling were generally
negative regardless of the marketing period. That is, the cull cows retained in the dry
lot would be more protable; therefore they should be sold at culling. Net returns
for cows retained on pasture were generally protable if held beyond culling, with
net returns over revenue at culling peaking at 155 days beyond culling. ADG for
both pasture and dry lot peaked at the beginning then progressively declined as the
feeding length increases. ADG of pasture cows were generally less than ADG of dry
lot. This implies that the protability of retaining cull cows depends more on seasonal
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price increases than weight gain. The average cost per cow for the retention system
is also a crucial factor. Therefore, producers should consider the weight, the body
condition scores of cows at culling, potential for gain at reasonable cost, results at
various potential end points, and the normal seasonal price pattern when considering
how long to feed cull cows before marketing them. In sum, producers should consider
their own available resources and how to best use these resources.
Next, the second objective of the the study investigated the inuence of beginning
body condition score on net returns from retaining cull cows. Overall, beginning body
condition scores appear to be an important factor in determining net returns from
retaining cull cows beyond the culling date. As such, beginning body condition scores
should also play an important role in the producer's decision of whether to market
cull cows at the time of culling or to retain and feed them for a period of time. In this
study, cows classied as heavy at culling (beginning BCS > 6) generated negative
and signicant net returns for the pasture management system at all weigh periods
using both the actual price and the estimated price. Cows with lower beginning
BCS scores( 5.0) generally yielded higher net returns than heavy cows. Regarding
physical performance measures, ADG decreased over time for each BCS category in
each management system, but thin and medium cows tended to have a higher ADG
than heavy cows in each system. This can likely be attributed to the fact that for
heavier more conditioned animals, more energy goes to weight maintenance relative
to energy contributing to weight gain. From a practical management perspective,
together these results suggest that heavy cows be sold immediately after culling.
As with objective 1, results favor a pasture retention system over a low cost dry
lot retention system. Net returns relative to revenue at culling are higher for pasture
system cows than dry lot cows at each marketing interval for each BCS category. That
is, the potential for positive net returns compared to revenue at culling is higher in
the pasture system than in the dry lot system. This would suggest that an accurate
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assessment of relative feed costs of available retention systems, along with predicting
the likely magnitude of seasonal price movements in the cull cow market is particularly
important in the decision to hold cows beyond culling.
The beginning BCS appears to be an important factor in determining which cull
cows to retain and feed. In the context of producer decisions regarding feeding cull
cows, results suggest that producers should carefully consider the body condition score
of cows when making the decision to retain and feed versus marketing cows at culling.
While our study suggests that a pasture system was generally more protable than a
dry lot system, thin and medium cows generated higher net returns than cows with
higher BCS, regardless of the feeding system. Producers may signicantly improve
the salvage value of cows at weaning by retaining and feeding thin and healthy cows
on underutilized, low-cost, and low-quality forages.
Finally, objective 3 analyzed the economics of marketing cull cows as bred cows.
This research component sought to determine whether the salvage value of cull cows
is improved when cull cows are retained and marketed as bred cows rather than
as slaughter cows. Net returns are compared when cull cows marketed as bred as
compared to revenue at culling if marketed as a slaughter cows. Results suggest
that there is potential to increase net returns of marketing cows as either bred or
slaughter when retained on pasture, but net returns generated from marketing cull
cows as bred cows were signicantly higher than those when culls were marketed as
slaughter cows. However, net returns for slaughter cows retained on pasture were
higher than net returns of slaughter cows retained in a dry lot. Marketing cull cows
as bred cows rather than slaughter cows generated higher net returns above marketing
as slaughter at culling for both retention systems and for all marketing periods.
In any retention and delayed marketing decisions for cull cows, ranchers should
consider weight gain, seasonal price movements, body condition scores and potential
for low-cost gain. Additionally, producers should consider their own cost, available
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resources including availability of bulls and retention space, and how to best use those
resources in adding value using a cull cow retention program. Forage production,
highly dependent on rainfall and soil moisture, may inuence producers' decisions
from year to year.
5.1 Limitations and Directions for Future Research
Several limitations of this research also are worth highlighting. The main lim-
itations of this research include equal cost assigned to cows whether marketed as
slaughter or bred cows, relatively short price data series used to estimate price re-
sponse functions, comparison of the opportunity cost of using these resources to feed
cull cows relative to more productive cows excluded from the analysis, the cost com-
ponent related to pregnancy-test is not included in the analysis, unequally spaced
marketing periods, and skewed body condition score distribution. Assigning equal
cost to cows with dierent weight and BCS may over or under estimate the cost
component, thereby increasing or decreasing net returns. Short price data series may
have low variability, leading to less variation in revenue among cows. The cost for
pregnancy testing ($6/head)is insignicant when expense of carrying an open cow for
a year is considered and it is less likely to aect initial analyses.
Further research comparing retaining and marketing cull cows as cow-calf pairs
instead of as bred cows or slaughter cows could be useful. In addition, assigning
individualized feeding cost based on body condition and weight basis (actual feed
intake) may help producers better assess resource needs, thereby enhancing decision-
making for the cow-calf operation.
79
BIBLIOGRAPHY
[App99] J. K. Apple. Inuence of body condition score on the live and carcass
values of cull beef cows. Journal of Animal Science, 1999.
[ARB+09] Z. Amadou, K. C. Raper, J. T. Biermacher, B. Cook, and C. Ward.
Adding value to cull cows I. Oklahoma Cooperative Extension Service,
AGEC-619, 2009.
[ARB+10] Z. Amadou, K. C. Raper, J. T. Biermacher, B. Cook, and C. Ward.
Adding value to cull cow II. Oklahoma Cooperative Extension Service,
AGEC-621, 2010.
[BG93] L. L. Berger and P. George. Growth and carcass characteristics of cull cows
after dierent times-on-feed. Journal of Animal Science, 65(1987):669-
674, 1993.
[Ble09] P. Blevins. Marketing cull cows in Virginia. Virginia Cooperative Exten-
sion Service, E-761, 2009.
[BS81] E. Bentley and C. R. Shumway. Adaptive planning over the cattle price
cycle. Southern Journal of Agricultural Economics, 13, 139-148, 1981.
[CJ07] J. N. Carter and D. D. Johnson. Improving the value of cull cows by
feeding prior to slaughter. Institute of Food and Agricultural Sciences,
Florida Cooperative Extension Services, AN-169, 2007.
[CL99] L. Corah and K. Lusby. Factors inuencing conception rate. Beef Cattle
Handbook, BCH-2210. Extension Beef Cattle Resource Committee, Uni-
80
versity of Wisconsin-Extension", 1999. http://www.iowabeefcenter.
org/Beef%20Cattle%20Handbook/Conception_Rate.pdf.
[DPH+04] D. Doye, D. S. Peel, J. C Hobbs, M. Hardin, and D. Lalman. Drought man-
agement economic considerations, Chapter 32 in Beef Cattle Manual, sixth
edition, eds. D. Doye and D. Lalman. Oklahoma Cooperative Extension
Service, Oklahoma State University, Stillwater, Oklahoma, 2004. http:
//water.okstate.edu/programs/research-extension/documents/
extension/BeefCattleManual_DroughtChapter32-6th_ed.pdf.
[DS11] D. Doye and R. Sahs. Oklahoma pasture rental rates. Oklahoma Cooper-
ative Extension Service, CR-216, 2011.
[EL00] A. M. Encinias and G. Lardy. Body condition scoring I: Managing your
cow herd through body condition scoring. North Dakota State University,
Department of Animal and Range Sciences, AS-1026, 2000.
[Eng94] T. J. Engelken. Marketing and management of cull cows, 1994. http:
//www.iqbeef.org/TBC/Documents/marketing_CULL_cows%20.pdf.
[FCB06] D. M. Feuz, M. C.Stockton, and S. Bhattacharya. The relationship of
U.S. and Canadian cull cow price to lean beef price: A DAG analysis.
Paper selected for presentation at the American Agricultural Economics
Association Annual Meeting July 2006, 2006.
[Feu92] D. M. Feuz. In the cattle markets, 1992. http://www.kfb.org/
commodities/commoditiesimages/IntheCattleMarket81610.pdf.
[Feu01] D. M. Feuz. Costs of raising replacement heifers and the value of a
purchased versus raised replacement. Managing for Todays Cattle Mar-
ket and Beyond, Proceedings, The Range Beef Cow Symposium XVII,
81
Casper, Wyoming, 2001. http://cattlemarketanalysis.org/Pubs/
REPHFRECONRBCS.pdf.
[Feu02] D. M. Feuz. Feeding and marketing cull cows, 2002. http:
//agmanager.org/livestock/marketing/bulletins_2/todays_
market/FMCulCws.pdf.
[FG94] W. M. Frasier and Pfeier G.H. Optimal replacement and management
policies for beef cows. American Journal of Agricultural Economics, 76,
4(1994):847-858, 1994.
[FPWR03] R. N. Funston, J. A. Paterson, K. E. Williams, and A. J. Robert. Ef-
fects of body condition, initial weight, and implant of feedlot and carcass
characteristics of cull cows. The Professional Animal Scientist, 19, pp
233-238, 2003.
[Ges92] J. Geske. Breeding management. Lesson 3 in Beef Health Management
Course, University of Minnesota Extension Service, 1992. http://www.
extension.umn.edu/beef/components/homestudy/lesson3h.PDF.
[Hug95] H. Hughes. The economics of culling cows, beef magazine, 1995. http:
//www.beefmag/hughes/beefeconomicscullingcows/index.html.
[LWLF90] R. D. Little, A. R. Williams, R. C Lacy, and C. S Forest. Cull cow
management and its implications for cow-calf protability. Journal of
Range Management, 55 No.2, pp. 112-116, 1990.
[MMF87] R. J. Matulis, F. K. McKeith, and D. B. Faulkner. Growth and carcass
characteristics of cull cows after dierent times-on-feed. Journal of Animal
Science, 65(1987):669-674, 1987.
82
[PD04] D. S. Peel and D. Doye. Cull cows grazing and marketing opportu-
nities. Oklahoma Cooperative Extension Service Fact Sheet, AGEC-
613, 2004. http://dasnr22.dasnr.okstate.edu/docushare/dsweb/
Get/Document-8252/AGEC-613web.pdf.
[PD08] D. S. Peel and D. Doye. Cull cows grazing and marketing opportuni-
ties, 2008. http://pods.dasnr.okstate.edu/docushare/dsweb/Get/
Document-5148/AGEC-613web.pdf.
[PM02] D. S. Peel and S. Meyer. Cattle price seasonality. Managing for todays
cattle market and beyond., 2002. http://agecon.uwyo.edu/RiskMgt/
marketrisk/cattlepriceseasonality2002.pdf.
[RMS+01] D. L. Roeber, P. D. Mies, C. D. Smith, K. E. Belk, T. G. Field, J. D.
Tatum, J.A. Scanga, and G.C. Smith. National market cow and bull beef
quality audit: A survey of producer-related defects in market cows and
bulls. Journal of Animal Science, 79(2001):658-665, 2001.
[SBT+04] T. D. Schnell, K. E. Belk, J. D. Tatum, R. K. Miller, and G. C. Smith.
Performance, carcass, and palatability traits for cull cows fed high-energy
concentrate diets for 0, 14, 28, 42, or 56 days. Journal of Animal Science,
75,5(1997):1195-1202, 2004.
[SMD04] J. E. Sawyer, C. P. Mathis, and B. Davis. Eects of feeding strategy and
age on live animal performance, carcass characteristics, and economics
of short-term feeding programs for culled beef cows. Journal of Animal
Science, 82(2004):3646-3653, 2004.
[SS02] D. R. Strohbehn and J. Sellers. Economics of adding values to cull cows.
Iowa Beef Center, Iowa Beef Center at Iowa State University, 2002. http:
//www.iowabeefcenter.org/pdfs/IQCCP/cc_econ_presnt.pdf.
83
[ST00] L. Steward and D. Ted. Body condition scoring beef cows. The Uni-
versity of Georgia Cooperative Extension, 2000. http://caes.uga.edu/
commodities/fieldcrops/forages/events/GS11/13/BCS_Update.pdf.
[Tra86] J. N. Trapp. Investment and disinvestment principles with nonconstant
prices and varying rm size applied to beef-breeding herds. American
Journal of Agricultural Economics, 68,692-703, 1986.
[WLR+88] J. J. Wagner, K. S. Lusby, J. W. Oltjen J. Radestraw, R. P. Wettemann,
and L.E. Walters. Carcass composition in mature hereford cows: Estima-
tion and eect on daily metabolizable energy requirement during winter.
Journal of Animal Science, 66(1988):603-612, 1988.
[Wri05] C. L. Wright. Managing and marketing cull cows. In Proceeedings of the
Range Cow Beef Symposium XIX, 153-60 Rapid City S.D, 2005.
[WRP08] C. Ward, K. C. Raper, and D. S Peel. Value-added marketing opportu-
nities, Chapter 6 in Oklahoma Beef Cattle Manual, eds.D. Doye and D.
Lalman. Oklahoma Cooperative Extension, Sixth Edition, 2008.
[YGB80] W. A. Yager, R. C. Greer, and O. R. Burt. Optimal policies for mar-
keting cull beef cows. American Journal of Agricultural Economics,
62,3(1980):456-467., 1980.
84
VITA
Zakou Amadou
Candidate for the Degree of
Doctor of Philosophy
Dissertation: VALUE ENHANCEMENT MARKETING STRATEGIES FOR CULL
BEEF COWS
Major Field: Agricultural Economics
Biographical:
Personal Data: Born in Bouki, Loga Local Government, Dosso State, Niger on
January 01, 1976
Education:
Received the B.S. degree from Usmanu Danfodiyo University, Sokoto, Sokoto,
Nigeria, 2002, in Agriculture
Received the M.S. degree from Oklahoma State University, Stillwater, Ok-
lahoma, USA, 2009, in Agricultural Economics
Completed the requirements for the degree of Doctor of Philosophy with a
major in your major Oklahoma State University in December, 2012
Recognition and Award for excellency in research in livestock economics:
Name: Zakou Amadou Date of Degree: December, 2012
Institution: Oklahoma State University Location: Stillwater, Oklahoma
Title of Study: VALUE ENHANCEMENT MARKETING STRATEGIES FOR
CULL BEEF COWS
Pages in Study: 84 Candidate for the Degree of Doctor of Philosophy
Major Field: Agricultural Economics
This study compares alternative marketing strategies with the traditional practice of
marketing spring-calving cull cows in the fall immediately after weaning. Specically,
this dissertation investigates value-added marketing strategies for cull cows, with
particular attention on how alternative feeding systems, beginning body condition
scores and marketing cull cows as bred cows instead of as slaughter cows improve the
salvage value. First, this work examines the protability of delayed marketing of cull
cows held in two dierent retention feeding systems. In each of three culling years,
net returns based on physical performance data and nancial data were measured
at ve approximately monthly intervals for cull cows retained on stockpiled native
pasture versus a low-cost dry lot setting. Results favor the lower-cost, forage-based
feeding program with spring marketing over fall marketing. Low-cost weight gain
coupled with seasonal increases in slaughter cow prices combined to increase net
returns for retaining and feeding cows on lower-cost forage for about four months.
The impact of beginning body condition scores on net returns from marketing cull
cows at culling or retaining cull cows for delayed marketing is also investigated. Net
returns are examined across marketing periods relative to the use of body condition
score at culling as a sorting trigger. While a pasture system was generally more
protable than a low-input dry lot system, cows with lower beginning BCS were more
protable than cows with higher beginning BCS, regardless of the feeding system.
Finally, this study examines whether the salvage value of cull cows can be improved
by retaining cows with a bull and marketing them as bred cows instead of as slaughter
cows. Results reveal that marketing cull cows as bred cows was more protable than
marketing them as slaughter cows, regardless of retention systems or retention period
length, assuming the producer has the resources to do so. Additionally, while results
indicate that retaining cull cows in the dry lot system was not protable if cows were
marketed as slaughter cows, the retention system becomes protable if cull cows can
be marketed as bred cows.
ADVISOR'S APPROVAL: Kellie Raper
